Objective: Baker' s cyst (BC) is also known as popliteal cyst. To evaluate its effect on intra-articular pathology, it is important to have the exact volume of the cyst. As BC may change its shape due to mass effect of the surrounding anatomic structures, it is difficult to measure the exact volume of BC. This study examined the relationship between three-dimensionally measured BC volume and symptomatic intra-articular knee pathologies.
Introduction
In a symptomatic knee joint, effusion, medial plicae, and meniscal and cartilaginous pathologies are frequently observed [1] [2] [3] [4] [5] . The intra-articular knee pathologies accompanying Baker' s cysts (BCs) generally develop at the popliteal fossal level. BCs were first identified in 1840 by Adams; however, in 1877, Baker reported that BCs exhibit a one-way relationship with joint spacing [6, 7] . These cysts are formed because of fluid accumulation within the gastrocnemius tendon bursa caused by an increase in intra-articular effusion. They are also known as popliteal cysts [6] . Direct excision, aspiration, and arthroscopic methods are widely used to treat BCs [7] [8] [9] [10] . Despite the diversity of treatment options, a high recurrence level has been observed even after its treatment [11, 12] .
Although the association between intra-articular pathologies and BCs is known, high recurrence levels have been reported when these pathologies were neglected during treatment [13, 14] . This situation increases the importance of determining the relationships with the real dimensions of these cysts, as well as the associations between intra-articular pathologies and BCs.
BC is under pressure, together with increases in the gastrocnemius and semimembranosus muscle tonus, while standing or when the knee is in full extension. BC becomes clinically evident in this position. When the knee is in flexion, these muscles relax, and softening occurs, along with a decrease in the stress within the cyst. This may negatively affect the clinically objective deter-mination of the size of the BC, because the cyst changes it shape along with the mass action of the anatomical structures surrounding the cyst [15] . In addition, when these cysts are examined in three dimensions, they do not always exhibit spherical shapes. Hence, measuring the cyst diameter may not yield objective results when determining the cyst volume. Thus, the volume measurement is very important to determine the real size of a BC, which can be measured as a three-dimensional (3D) volume using multiplanar magnetic resonance (MR) images. Although this measurement can accurately yield the absolute volume, there are no studies in the literature examining the relationships between 3D BC volumes and intra-articular joint pathologies. Therefore, this study was designed to examine the 3D BC volume relationships with symptomatic intra-articular joint pathologies.
Materials and Methods
This study was carried out by retrospectively examining the hospital records and MR images of 2067 patients who underwent knee MR imaging in the Recep Tayyip Erdoğan University,Faculty of Medicine at the Training and Research Hospital of University between August 2016 and May 2017. Forty-five patients aged between 40 and 55 years with symptomatic knees and no histories of knee or surrounding area surgeries who had BCs in their MR images were involved in this study. The exclusionary criteria were as follows: younger than 40 years, older than 55 years, traumatic and inflammatory knee symptoms, masses at or around the knee, and surgical histories.
This study was carried out in accordance with the principles outlined in the Declaration of Helsinki. For searching archived material permission was obtained from the hospital administration. The MR images of the patients involved in this study were re-examined by a radiologist.
MR assessment
The knee MR images were examined in terms of the BC volume, joint effusion level, medial plica presence, cartilage degeneration in the medial femoral condyle (MFC), medial tibial condyle (MTC), lateral femoral condyle (LFC), and lateral tibial condyle (LTC), and rupture presence in the medial meniscus anterior horn (MMAH), medial meniscus posterior horn (MMPH), lateral meniscus anterior horn (LMAH), and lateral meniscus posterior horn (LMPB).
BC volume measurement
The BCs were evaluated via volumetric analysis (syngo.via® VA20 software; Siemens Healthcare, Forchheim, Germany) using multiplanar reformatting and volumetric rendering techniques. The BC volume was measured as follows: slices from every 3 mm were extracted, and the cross-sectional area of the BC was measured from top to bottom by manually tracing the internal surface of the cyst. The software automatically calculated the volume of the cyst by adding the products of the 3 mm and crosssectional areas (Figure 1 ).
The joint effusion was examined in the sagittal plane in T2-proton density-weighted short-tau inversion recovery (STIR) images. The measurements were performed transversely in an intercondylar cross-section from 1 cm proximal to the top of the patella. The results were divided into two groups: below 1 mm and above 1 mm. The medial plicae were assessed in accordance with the modified Sakakibara classification [16] .
The assessment results were divided into two groups: no plica and other.
Using the MR images, the meniscuses were classified as normal, Grade I, Grade II, or Grade III in accordance with the meniscus rupture classification of Stoller et al. [17] . The normal meniscuses were homogenous at low signal intensities in the T1-and T2-weighed spin echo, fast spin echo, gradient echo, and STIR sequences. In the Grade I meniscuses, nonarticular focally or globally increased intrasubstance signal intensities were observed. In Grade II, there was a linear intrasubstance signal increase horizontally extending from the periphery of the meniscus. In Grade III, the area of increased signal intensity incorporated a minimum of one surface of the joint.
The cartilaginous lesions were analyzed using an MR grading system. Grade 0 indicated normal cartilage. Grade I indicated focal cartilaginous swelling and low signal intensity fields within the cartilage. Grade II indicated surface irregularities and a <50% loss of height in the cartilage. Grade III indicated deep ulceration and a >50% loss of height in the cartilage. Grade IV indicated the appearance of subchondral bone [18] .
Results
The mean age of the patients was 46 years (range: 40-55 years); 20% of the patients were females, and 80% were males. The mean BC volume was 13.55±7.11 cm 3 , and plicae were found in 22.2% of the patients. There was a statistically significant difference between an increase in the BC volume and the presence of plicae in the knee joint. The effusion size was less than 1 mm in 66.7% of the patients and greater than 1 mm in 33.3%. There was an in- creasing correlation between the BC volume and effusion amount, which was statistically significant.
The MMAH damage degrees were 48.9% for GI, 40% for GII, and 11.1% for GIII. The MMPH damage degrees were 17.8% for GI, 31.1% for GII, and 51.1% for GIII. The LMAH damage degrees were 69% for GI, 35.6% for GII, and 8.9% for GIII. However, there were no statistically significant differences between the increases in the BC volume and the degrees of medial and lateral meniscus damage.
The MFC damage degrees were 37.8% for GI, 40% for GII, and 22.2% for GIII. The MTC damage degrees were 77.8% for GI, 13.3% for GII, and 8.9% for GIII. The LTC damage degrees were 62.2% for GI, 22.2% for GII, and 15.6% for GIII. There were statistically significant differences between the increases in the BC volume and the cartilage degeneration levels in the MTC, MFC, and LTC.
The LFC damage levels were 84.4% for GI, 4.4% for GII, and 11.1% for GIII. However, there was no statistically significant difference regarding the cartilage degeneration level in the LFC. Mean BC volumes of the symptomatic knee pathologies are presented in Tables I-III. The mean values describing the intra-articular knee pathologies and BC volumes, as well as the statistical examination results, are presented in Table 1 . The error bars indicating the 95% confidence intervals of the BC volume levels are presented in Figure 2 .
Statistical Analysis
The Statistical Package for the Social Sciences version 17.0 (SPSS Inc., Chicago, IL, USA) was used for all of the analyses. It was observed using the Kolmogorov-Smirnov test that the dependent variables exhibited non-normal distribution. For this reason, the Kruskal-Wallis test was used to compare the mean values of more than two groups, whereas the Mann-Whitney U test was used for the comparisons made between two groups. After the Kruskal-Wallis test, the Bonferroni correction was used to determine the group creating the difference. Since three comparisons were made, the p value was set at 0.17 by dividing 0.05 by 3.
Discussion
Popliteal cysts can be observed in symptomatic knees at frequencies varying between 38% and 55%, which has increased the interest in BC research [5, 11, 19] . In this study, significant relationships were determined between the intra-articular knee pathologies and the BC volume. The presence of medial plicae, increases in intra-articular effusion, and especially cartilage degeneration are the reasons for the increases in the BC volume.
Calvisi et al. [7] determined that among the cases undergoing arthroscopic treatment methods, the BCs disappeared in 64% and dwindled in 36%. Moreover, they reported clinical recovery in those cases among whom the cyst size decreased. This conclusion indicates that the clinical recovery is related to the cyst size, which shows the importance of determining the real size of a BC in the clinical follow-up and assessing the treatment accordingly.
A 19% prevalence of BCs among symptomatic knees has been reported, and the maximum diameter of these cysts was determined to be greater than 30 mm [20] . This suggests that up to a specific level, the size of the cyst plays no determinant role in the formation of symptoms. Among the knees with BCs, the symptoms generally originate from intra-articular knee pathologies, and the BC-based symptoms are generally related to the size of the cyst [11] . However, a decrease in the cyst size in a symptomatic knee positively influences the clinical outcome of the patient. Moreover, as the size of the cysts increases, it can restrain the joint range of motion by limiting the knee flexion and extension [14] . In this study, the increases in the mean BC volumes in the MTC, MFC, and LTC degeneration cases that were significantly related to the BC volume increases were 42.3%, 27.66%, and 33.2%, respectively. In the cases in which there was a statistically significant relationship among the BC volume, plica presence, and effusion increase, the increases in the volume in proportion to the mean BC volume were 26.64% and 26.68%, respectively. This indicates that the intra-articular symptomatic knee pathologies caused a minimum of 25% increase in the BC volume. Moreover, the maximum increase in the BC volume was observed in the cartilage pathologies incorporating the MTC and LTC.
Sansone et al. [4] reported that 94% of popliteal cysts are related to intra-articular knee pathologies, with meniscus and cartilage-based pathologies constituting the majority. In addition, 70.2% of the meniscus pathologies incorporated medial meniscus ruptures, and most of the ruptures involved the posterior horn. In this study, MMAH and LMAH pathologies were found to have relationships with an increase in the BC volume, but these were not statistically significant. The difference was that the degeneration level was at the early stage in 88.9% of the MMAH and 86.7% of the LMAH pathologies. We believe that this was because not enough change occurred in the intraarticular coherence due to the absence of cartilage degeneration incorporating the joint surface [19] . Furthermore, there was an early-stage increase in the BC volume in the MMPH and LMPH pathologies. In 91.2% of the LMPH pathologies, the degeneration was at an early stage. In half of the MMPH pathologies, the degeneration was at an advanced stage. Moreover, the meniscus degeneration was at an early stage among the cases with advanced-stage cartilage degeneration. In those cases with early-stage meniscus degeneration, the plicae and effusion levels were high, which indicated that the BC volume increases at the early stages of the LMPH, and MMPH pathologies originated from the plica-caused cartilage degeneration and effusion increase. In the cases observed to have early-stage LMPH and MMPH degeneration, the high degree of MFC degeneration corroborated this conclusion.
Visser et al. [5] reported that a BC distinguishes the structural degeneration, especially on the medial side of the tibiofemoral joint in symptomatic knees. The medial compartment pathologies and the intra-articular coherence changes originating from the deteriorated biomechanics may have positive correlations with the BC by creating an increase in the normal intra-articular knee pressure [19] .
In this study, the relationship between a BC and cartilage degeneration also applied to the lateral portion of the tibiofemoral joint, as well as the medial segment. Moreover, there was a statistically significant relationship between medial plicae and BCs. Medial plicae are more frequently observed in knees with osteoarthritis, and they have a positive correlation with the degeneration severity. During routine activities, repetitive friction occurs between the medial plicae and the MFC. The degradation occurring in the condyle due to friction increases the level of change occurring in the medial plicae. Thus, clinical symptoms, such as pain, emerge together with the development of synovitis [3] . Therefore, we believe that the increase in the BC volume in the presence of plicae emerges secondarily to the degenerative process caused by the plicae in the condyle.
An increase in joint effusion may increase the size of the gastrocnemius bursa [2] . During relaxation, the intra-articular pressure in a knee joint with effusion is 33 mmHg, whereas it may reach levels as high as 1300 mmHg during flexion [1] . The synovial fluid may be pumped into the bursa due to the increase in the intra-articular pressure during the flexion of the knee. Corroborating this, this study reports that there was a statistically significant relationship between the BC volume increase and the presence of intraarticular effusion.
Acebes et al. implemented intra-articular steroids and cyst aspiration for patients with knee osteoarthritis and symptomatic popliteal cysts [19] . They reported a reduction in the knee symptoms and a significant decrease in the cyst size during the follow-up period, as well as an increase in the joint range of motion. This emphasizes the effect of the BC size on the function of the knee joint, in addition to the relationship with the intra-articular pathology. In this study, an approximately 70% increase was found in the mean cyst volume of the BCs with statistically significant relationships with the intra-articular pathologies. For this reason, we believe that determining the real size of the BC together with the intra-articular pathology would be useful in predicting symptomatic intra-articular knee pathologies to a larger extent.
Intra-articular knee pathologies have clinical effects depending on the stage of degeneration.
From the clinical aspect, the mechanical and inflammatory processes play roles in the formation of these effects. These processes cause cartilage degeneration on the surface of the joint over the course of time, and the BC formation occurs secondarily to the cartilage degeneration [5, 16] . Although their relationships with the BCs were statistically non-significant in this study, meniscus lesions have been reported to increase in the formation of BCs in the literature [4] . Our meniscus pathologies were not advanced enough; they continue with the progression of the degenerative process.
Among adults, generally, BCs exist secondarily to intra-articular deformations, such as degenerative or inflammatory pathologies of the knee [7] .
The main limitation of this study was that it was retrospective. Prospective studies with longer follow-up periods on patients arthroscopically diagnosed with intra-articular pathologies and then treated would be able to more objectively reveal the relationship between the BC volume and an intra-articular pathology. However, this study is important because it is a pilot study in this field in terms of the BC measurement techniques.
In this study, statistically significant relationships were determined between the BC volume and cartilage pathologies, medial plicae, and intraarticular effusion. When they become symptomatic, these pathologies may cause increases in the BC volume. In symptomatic knees, the cause-effect relationship between the BC volume and an intra-articular pathology develops secondarily to the degenerative process. We believe that this study may have positive contributions to clinicians in understanding the relationships between BC volume changes and pathologies creating intra-articular knee symptoms, in addition to making conclusions about the clinical importance of these results.
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